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PREFACE
This report is composed of two parts. The first part is an interpretation of the pesticide
and nitrate data collected in Woodruff County based on samples collected during 1994.
Because there is an indication that there were hydrological differences between 1994 and
1995, and because most of the pesticide data is from 1994, this interpretive portion is
restricted to 1994 data. Six wells initially sampled in 1994 that contained pesticides had
continuing contamination in re-sampling in 1994 and 1995. Part I was published with the
following citation:
Steele, Kenneth F., Steven S. Hill, Terry W. Nichols, H. Don Scott, Paul
Vendrell, and H.S. Lin, 1996, Impact of Agricultural Chemicals on the
Alluvial Aquifer, Lower Mississippi River Delta in UCOWR '96
Proceedings, Integrated Management of Surface and Ground Water, The
Universities Council on Water Resources, Carbondale, ll.., p. 50-59.
The second part of the report is a presentation of the quality assurance and quality control
of the analyses. Part II lists a seventh well in Woodruff County that contained pesticides
in February and May of 1995.
PART I
IMP ACT OF AGRICULTURAL CHEMICALS
ON THE ALLUVIAL AQillFER
LOWER MISSISSIPPI RIVER DELTA
IMPACT OF AGRICULTURAL CHEMICALS ON nIE ALLUVIAL AQUIFER, LOWER MISSISSIPPI
RIVER DELTA
Kenneth F. Steelel,2, Steven S. HiIII.2, Terry Nichols2, H. Don Scottl.3, Paul F. Vendrelll.2..3, and H.S. Lin:
I Department of Geology, 2 Arkansas Water Resource Center, 3Department of Agronomy
University of Arkansas, Fayetteville
ABSTRACT
Because of the widespread use of pesticides and nitrogen fertilizers, there has been concern about ground water
contamination of the alluvial aquifer in the Lower Mississippi Valley. The upper most and major aquifer of
the region is the alluvial aquifelwhich is located in the lower sand and gravel unit of Quaterna.ry deposits. At
some locations a clay confining unit occurs at the top of the aquifer. In order to evaluate the impact of
agricultural chemicals on the ground water quality of this region, Woodruff County which is representative of
the area was chosen for study. Woodruff County has an area of about 378,000 acres of which 73 percent is
cropland. Irrigated cropland comprises 53 percent of the county and averages 284 Mgal/d of :water
withdrawal. Well-drained, loamy soils occur in the central portion of the county, and poorly-drained, clayey
and loamy soils occur in the extreme west and east portions.
Water samples were collected from 31 wells in the alluvial aquifer in the cropland,areas of Woodruff County.
Six of the sites were contaminated with pesticides (acifluorfen, bentazon, fluometuron, metolachlor, and
metribuzin). All of the pesticide-contaminated wells were less than 61 ft deep. Samples collected from
shallow «50 ft deep) wells had a median concentration of 2.94 mg/L nitrate-N and for deep (50-90 ft deep)
wells was 0.13 mg/L. The median iron concentrations for shallow and deep wells were 0.03 and 0.21 mg/L,
respectively. High nitrate and high iron concentrations are mutually exclusive. These observations are
consistent with the upper portion of the aquifer being more oxidizing.
Fifteen of the 20 wells with nitrate-N above background concentrations (>0.4 mg/L) are located in areas with
relatively high sensitivity based on a modified DRASTIC model. Five of the six wells with pesticide
contamination are located in areas of relatively high vulnerability. The DRAScrIC model appears to be
useful for indicating areas susceptible to contamination from nitrate and pesticides. Although four of the wells
with pesticide contamination also have high nitrate-N concentrations, the difference in degradation rates for
nitrate and pesticides make the use of elevated nitrate-N concentrations as an indication of potential pesticide
difficult.
IN1RODUcrION
The use of pesticides and cOmmercial fertilizers for intense crop production in the Lower Mississippi Valley
Delta region (Delta) has 100 to concern about the potential contamination of ground water by agricultural
chemicals. Tlu-oughout the Unitoo States there is a significant increase of nitrate in older wells, poorly
constructoo wells, and wells poorly sited with respect o point source contamination (Helsel, 1995). Such
wells are often the types of wells present in the Delta.
The objective of this study was to detemline the impact of nitrate and pesticides on the alluvial aquifer in the
Delta. Woodruff County, in eastern Arkansas (Figure 1) was selected as the study area because it is
representative of a large part of the Delta. The county covers an area of about 378,000 acres with 73% in
cropland. Wheat, rice, soybeans, milo, cotton, and vegetables are the major crops (Scott and Smith, 1993).
About 53 percent of the county is irrigated. Ground water provides 258.13 million gallons per day (Mgal/d)
and surface water 26.07 Mgal/d for irrigation (Holland et aI., 1991). The alluvial aquifer supplies much of
these withdrawals and is the major source of drinking water for the rural population.
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DESCRIPTION OF mE SnJDY AREA
The physiography of Woodruff County consists of floodplains of the White River, the Cache River and the
Bayou DeView with oxbow lakes, loessal plains and loessal ridges. The elevation of the land ranges from 190
to 235 feet above sea level, and slopes slightly to the south (Stephenson and Crider, 1916). The slope ranges
from less than I percent on the floodplains to as much as 8 percent on the loessal plains. Soils are well-
Figure 1. Location of the study area. Little Rock is
marked with an asterisk.
drained and loamy in the central portion of the county, and poorly-drained, and clayey and loamy in the
extreme west and east.
Three major rivers drain most of Woodruff County. The White River drains the western pan of the county. the
Cache River the central pan, and Bayou DeView the eastern pan. Woodruff County has hot hwnid summers
and mild \vinters. Average air temperatures are 78~ (June) and 44"F (December). Precipitation is about 51
inches a year (1 % snow). Short periods of drought, especially during late-sununer are frequent (Maxwell et al,
1968). Droughts make irrigation using ground water a common practice.
HYDROGEOLOGY
The principal aquifer in Woodruff County is the alluvial aquifer the Sparta Sand and Wilcox aquifers the next
most important aquifers, respectively. Quaternary alluvium of Pleistocene and younger age consists of two
units --a lower sand and gravel \vater-bearing unit which grades inlo an upper silt and clay unit that acts as a
confining unit (Stephenson and Crider, 1916; Fitzpatrick el a1., 1990). Maximum aquifer thickness is about
150 feet in the study area (Broom and L)ford, 1982).
Well yields are 1000 to 3000 gallon per minute (Fitzpatrick et al., 1990). Hydraulic conducti\-it)' ranges from
100 to 400 feet per day (Broom and Lyford, 1982). Recharge comes from percolation of rainfall through the
silt and clay cover and by inflo\, from streams. The water moves in the direction of general land slope and
to\\'ard streams that drain the alluvial lands (petersen et al., 1985). The natural direction of flo\\' in the aquifer
has been altered by intensive pumping for irrigation in the eastern part of the count)'. Flo\\' toward the
pumping-stressed area is east\\'ard from the Cache Rjver (Broom and Lyford, 1982). During flood st2ge, the
streams recharge the aquifer. In areas of large ground \\'ater \\-ithdrawals, larger streams can be a year-round
source of aquifer rccharge. and the alluvial aquifers can receive substantial quantities of recharge from
underlying aquifers as a result excessive dra\\'do\\l1 from irrigation (Petersen et al., 1985). Stream recharge
and the pumping stress both may increasc the potential for ground \\'ater contamination from surface sources.
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Water levels increase from a potentiometric surface of 150 feet (60 feet below land surface) in southeastern
Woodruff County to about 190 feet (20 feet below land surface) in northwestern Woodruff County (Westerfield
and Poynter, 1994). Shallow ,vater tables are generally more susceptible to pesticide contamination. Water
levels fluctuate seasonally, typically rising in the winter and spring, and declining in the summer and fall
(parks et al., 1995).
METHODOLOGY
The 31 wells sampled in this study were chosen \lrith an emphasis on shallow wells in vulnerable areas (areas
\lrith high pesticide usage, and sensitivity to contamination -see DRASTIC MODEL section below). In order
to obtain ground water samples representative of ambient aquifer conditions, the wells were purged until
temperature, conductance and pH of the water stabilized. Sampling commenced before pesticide application
in May, during pesticide application, and after pesticide application into September, 1994. Well depths were
owner reported. Five of the wells had unknown depths.
Analyses were conducted at the Arkansas Water Resources Center Water Quality Laboratory (wQL) using gas
chromatography or liquid chromatography as prescribed by EPA 507.1, EPA 515.2, and National P~cide
Survey #4 methods which involve solid~liquid and liquid-liquid extractions (EP A, 1992, 1991a, and EP A,
written communication). Any detections were confinned by the Arkansas State Plant Board Laboratory U;5ing
a gas chromatograph with a mass spectrometer detector, or by the WQL using a high performance liquid
chromatograph with an alternate column. Any well containing pesticides was sampled again and the
confirmation process repeated. A raw water sample and a sample spiked with pesticides of interest were
collected and preserved at each site and immediately placed on ice or refrigerated until extracted. All
extractions and analyses were performed within regulatory holding times in each method. The spiked sample
in conjunction with the raw water was used to determine any pesticide loss from time of collection until
analysis. Iron (ferrous + ferric) was analyzed using inductively coupled plasma emission spectrometry (EPA
200.7) (EPA, 1991b) and nitrate-N was analyzed by ion chromatography (EPA 300.0) (Pfaffet al., 1989).
DRASTIC MODEL
Whether a pesticide is likely to migrate to ground water depends on the characteristics of the site where it is
applied, and on characteristics of the pesticide such as half-life, solubility in water, volatility, and adsorption.
"DRASTIC" is an aquifer sensitivity index developed by the EP A which assesses aquifer sensitivity to
contamination (Aller el aI., 1987). A modified version of pesticide DRASTIC was developed for Woodruff
County and used in a geographical information system (GIS) to generate an aquifer sensitivity map (Lin et aI.,
1996). The DRASTIC model considers the following factors: (1) depth to water, (2) nel recharge, (3) aquifer
media, (4) soil media, (5) topography, (6) impact of the vadose zone, and (7) hydraulic conductivity. The
weighting factor for impact of the vadose zone was increased from 4 to 7 for this study in order to reflect the
significance of the thickness of the clay cap confining unit in the study area. The sensitivity index ranged
from 46-84 for Woodruff County. Higher indices indicate greater sensitivity to pollution.
The ground water vulnerability model combines pcsticide usage ,vith the sensitivity index to produce a relative
vulnerability indcx (Lin et aI., 1996). The vulnerability index was expressed as a percentage of the highest
product of the sensitivity index and estimated pesticide application rate. The relative ground water
vulnerability index for pesticides ranged from 0-93 for Woodruff County. The lowest vulnerability indices
were in the eastern portion of the county where water tables are deeper. soils more impermeable. and the clay
confining unit is thicker.
NITRATE
From July I, 1993 to June 30, 1994 sales of nitrogen containing fertilizer with nitrogen components were
22,745 tons for Woodruff County (Arkansas Agricultural Statistics Service, 1994). Although these quantities
of fertilizer have the potential of impacting the ground water, only one well (30 ft deep) with a concentration
of 9.26 mg/L nitrate-N was close to the 10 mg/L maximum contaminant level (MCL) for drinking water
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(EP A, 1994). Studies in alluvial deposits in other states have reported a relatively high number of .wells
exceeding 10 mg/L nitrate-No For example, Detroyet al. (1990) reported 50% of wells less than 40 deep in an
alluvial aquifer in Iowa exceeded the MCL for nitrate-No
The median nitrate-N concentration for shallow wells «50 ft deep) was 2.94 mg/L compared to a median
concentration of only 0.13 mg/L for deep wells (50-90 ft deep) (fable 1). The median nitrate-N concentration
for wells in this intensively-cropped alluvial area is much less than that for predominantly agricultural areas in
the Northeast, Midwest and West Coast regions of the U.S.A. (Helsel, 1995). In the Southeast increased
denitrification rates have been suggested as part of the reason for less nitrate-N contamination (Spalding and
Exner, 1993; Jacobs and Gilliam, 1985). The presence of the clay confining unit in certain areas also limits
the amount of surface contamination to the aquifer. The trend of decreasing nitrate-N concentration with
increasing well depth (fable 1) is consistent with other swdies (e.g., Detroy et al., 1990), but these have often
used a depth of 100 ft to separate shallow and deep wells (Helsel, 1995).
High iron concentrations in ground water can be used as an indication of conditions favorable for
denitrification. High nitrate-N and high iron concentrations are essentially mutually exclusive in this study
(Figure 2 and Table 1). Nitrate occurs in shallow, more oxygenated ground water; whereas, iron tends to occur
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FIGURE 2. Nitrate-N and iron concentrations versus well depth.
TABLE 1. Median concentrations of nitrate-N and iron



















in deeper, more reduced ground water. Iron in the shallow wells is precipitated as iron oxides or hydroxides
leading to lower soluble iron in the ground water. Bacteria utilizing carbon as an electron donor play an
important role in the redox reactions of nitrogen and iron. Without bacteria these redox reactions take place
slowly. Certain bacteria can use iron as an electron donor in place of organic matter with nitrate acting as the
electron acceptor (Korom, 1992). The relationship of iron with depth may involve more than simple lack of
oxygen from the surface. Reducing soils cause denitrification; however, denitrification can occur in ground
water. Chapelle and Lovely (1992) have described a case where iron has been reduced in a confined aquifer.
Background nitrate-N concentration for Woodruff County is defined as 0.4 IngiL. This background level is
based on the median concentration (0.4 mg/L nitrate-N) for another aquifer in Arkansas in a pristine areas
with forest cover ($teele et aI., 1992). This background level is much less than that of Madison and Brunett
(1985) who consider concentrations greater than 3 mgiL nitrate-N as indication of human activities based on
a nationwide survey of 87,000 wells, but 0.4 mgiL seems appropriate for this study area (note that the
background level for deep wells in this study is 0.13 rngiL).
Utilizing 0.4 mg/L nitrate-N as the background concentration, 20 of the 31 wells may be considered
contaminated with nitrate (fable 2). Fifteen of the wells with nitrate exceeding 0.4 rngiL nitrate-N are in high
sensitivity areas (sensitivity index greater than 70), and five are located in low sensitivity areas (Figure 3).
Ten of the 11 wells not exceeding background concentrations of nitrate-N are in low sensitivity areas.
TABLE 2. Number of wells above and below the background nitrate-N concentration with


















Pesticide pollution in ground water is potentially harmfu1 to residents, but not much is known about pesticide
contamination of ground water in the Delta. Over 345,000 pounds of pesticides with medium to large
leaching potentials were used in Woodruff County in 1991 (pIes Spladley, personnel communication, 1992).
Mixing/loading sites have a high potential for ground water contamination if proper management is not
implemented. Table 3 lists the pesticides that are frequently used in Woodruff County which were monitored
by the WQL (Scott and Smith, 1993).
Six of the 31 (19 %) wells monitored in this study contained pesticides (fable 4). This percentage is not an
indication of the overall of well contamination in the Delta or Woodruff County, because this study focused on
shallow wells in the most vulnerable areas of the county. Five of these six sites are in the areas with a
vulnerability index greater than 70 (Figure 4). Most of the pesticide concentrations were low, but two wells
had bentazon concentrations exceeding the health advisory limit of 20 ~g/L (BPA. 1989b) (fable 4). All of
the wells had detectable pesticides during re-sampling. Only one well (#9), however, had multiple pesticide
detection and these were duplicated in May, June, and July of 1994 and in May, 1995.
Four of the wells ,vith pesticide contamination also contained relatively high concentrations of nitrate-N (i.e.,
exceeds the background of 0.4 mg/L) (Tables 2 and 4). Detroy et al. (1990) reported nitrate-N concentrations
of 15 mg/L for wells with pesticide contamination and 7.3 mil.. for those without pesticides. The high
solubility of nitrate compounds combined ,vith lack of anion exchange sites in the soil and aquifer make
nitrate very mobile in water. Nitrate in shallow, well ox-ygenated ground water in highly permeable sediment
can migrate large distances from input areas (Freeze, 1979). These observations suggest that high nitrate-
Nconcentrations might be useful in predicting potential pesticide contamination. However, as indicated in
Table 2, higher nitrate-N concentrations often are not accompanied by pesticide contamination. This situation
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FIGURE 3. Well locations with respect o sensitivity indices (51) greater
than 70 and rutrate-N concentration levels.
TABLE 3. Pesticides in Woodruff Country with medium to high large leaching potential
that were monitored in this study. Half-life and typical crop usage for these pesticides also































































TABLE 4. Data for wells with pesticide contamination.
may be the result of greater retardation and/or degradation rates for pesticides compared to those for nitrate.
The relatively high iron concenti"ation for well #7 (Table 4) indicates that the conditions in this well were
favorablefor denitrification. The potential for pesticide contamination cannot be ruled out on the basis of low
nitrate concentrations because denitrification may have occurred in the vadose zone, or minimal fertilizer may
have been used in an area.
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CONCLUSIONS
There are higher nitrate-N concentrations in shallow wells «50 ft deep) than in deeper wells in the alluvial
aquifer. These nitrate-N concentrations are lower in Woodruff County than those reported for other regions of
the country. Higher rates of denitrification are probably responsible for these differences in combination with
lower nitrogen fertilizer application rates and the presence of the clay confining unit in parts of the region.
Wells with elevated nitrate-N concentrations are coincident with areas with higher sensitivity indices, and
wells with background nitrate-N concentrations are mostly located in areas with lo,,-er sensitivity. The
modified DRASTIC model is capable of indicating areas that may have elevated nitrate concentrations.
Because of the difference in application rates and in the chemical and biological reactions involving nitrate
and pesticides, there are difficulties in using nitrate-N as an indication of potential pesticide contamination. It
appears that the modified DRASTIC model may be helpful in delineating areas potentially susceptible to
pesticide contamination.
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PHASE III: WOODRUFF COUNTY
QUALITY ASSURANCE REPORT: ARKANSAS STATE









Between May, 1994 and May, 1995, seventy water samples were
drawn from sixty wells in Woodruff County. Ten liters of water
were collected from each well, providing enough water to have a
sample and a field fortified sample for each of the three
methods, as well as extra water for duplicate analysis. Table 1




































































Of the 60 wells tested, seven showed trace levels ofpesticides. 
Table 2 shows a listing of the contaminated wells
including the concentrations detected in samples taken at
different times.
Interpretation of QC data.
I
During the project, thirteen trips were made to collectwater. 
The samples collected on each trip were extracted and
analyzed as a batch, with each batch being subdivided into the
three methods of analysis indicated in Table 1. The tabulated
quality control data follow this format. Thus, for each sampling
trip the reported analysis results are accompanied by three
lArkansas Water Resources Center, University of Arkansas.
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QC sheets, one for each method. The following paragraphs are
intended as an aid in interpreting the QC data.
The major QA/QC concern of this study is to demonstrate an
ongoing ability to detect small amounts of pesticides in various
ground waters. Primary to this purpose are the three (one for
each method) field fortified samples collected from each well and
spiked with low levels of the appropriate pesticides. Table 3
shows the concentrations of these pesticides in the "field
spikes." Extraction and analysis of these field spikes were
done for every well and for every method, far exceeding EPA's
recommendation that one in ten samples be field fortified. A
consistent, high recovery of the pesticides spiked into the
2
various ground waters is good indication that sample extraction
and analysis are acceptable, that nothing in the ground waters is
preventing the detection of pesticides in the non-fortified
samples and that sample handling procedures are adequate to avoid
pesticide degradation.
As a further check that small amounts of pesticide will not
go unnoticed, 2X standards (containing pesticide concentrations
at about two times the estimated detection limit for thepesticide) 
were analyzed with each batch. Concentrations for the
2X standards are also included in Table 2. For each batch and
each method, peak areas for a 2X standard are reported to
demonstrate instrument capability to detect very small amounts ofpesticides. 
EPA holding times for samples and extracts were met
without exception and samples and extracts were held at or below
4°C at all times.
Table 3. Spiking Levels.





























Recovery of a spiked pesticide from any field spike should
be within the normal range of recovery for the laboratory doing
the work. This laboratory has a history of successful analyses
from which to determine a "normal" range of recovery for eachanalyte. 
Table 4 shows the mean recoveries and associated
standard deviations for the pesticides in this study. These were
derived from field spikes collected previously in studies of

















Table 4. Summary of Recoveries for EPA Methods 507, 515 and








































































The normal range of recovery is defined as the mean
plus/minus 3 standard deviations. For example the mean recovery
for molinate was 91.2% with a standard deviation of 13.5%
yielding a range of 50.8 -131.7% (the mean plus/minus 3 standarddeviations). 
If the recovery of a particular analyte from a
field spike is outside the normal range then the result for that
analyte for that well is reported as suspect. In addition,
surrogate recovery for the non-fortified samples must also fall
in the normal range of surrogate recoveries which are defined in
the same way. A surrogate is a pure compound not expected to be
in the sample. A known amount of surrogate is added to the sample
before extraction as a check on the sample preparation procedure.
The ranges for surrogate recoveries are also given in Table 4.
Results are reported as suspect due to matrix effects if the
spike recovery or the surrogate recovery was not in the specifiedrange. 
In actuality, none of the recoveries in this study were
so low as to cause suspicion of false negatives.
As specified in the Quality Assurance Project Plan














deviation (%RSD) between duplicate measurements of one sample and
percent recovery (%REC) from a sample spiked with a known amount
of nitrate-nitrogen. The maximum allowable %RSD is 10% and the
allowable range for %REC is 80-120%. QC measurements are made on
one sample from each sampling trip.
III.QA/QC Summary
Appendix A contains analysis results and spike recovery
information for all thirteen sampling trips in Woodruff County.
For the seventy samples there were a total of 910 data points (70
times 13 pesticides) of which 9, or less than one percent, have
been reported as suspect. Suspect results have been highlighted
with grey shading on the analysis reports. Three results for
Wood #2 are reported as suspect because spike recoveries were toohigh. 
Bentazon results for 4 samples from Wood #7 and 2 samples
from Wood #9 were reported as suspect because spike recoveries
were out of the normal range. Bentazon at high concentrations,
55 and 25 ug/L, was detected in these wells. The spike
concentration was so low, 7.21 ug/L, in comparison that it was
hard to get good recoveries. However,- all these detections were
confirmed and the results are reported as suspect only to satisfy
EPA rules. The authors feel the QC data for these analysis
results are adequate for the stated purposes of the study.
Appendix B contains copies of two corrective action reports
filed during the course of this study. The problems encountered
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AWRC WATER QUALITY LABORATORY
June 15, 1994
CORRECTIVE ACTION REPORT
On May 26, 1994, after some liquid was inadvertently drawn into it, our Eppendorf
automatic pipet (adjustable from 200-1000 uL) was found to be poorly calibrated and
inconsistent. Efforts to calibrate the pipet were unsuccessful and the pipet was returned
to Eppendorffor repair. Today, eppendorpf sent us a new pipet-at no cost as the old one
was under warranty. QC on the pipet shows good accuracy and consistency. All the





AWRC WATER QUALITY LABORATORY
July 21,1994
CORRECTIVE ACTION REPORT
On July 19th it was determined that Steve Hill, a graduate student working at the lab
doing extractions for pesticides, was following improper procedures during removal of the
extracts from the concentrator tubes. He was rinsing the tube sidewalls with the extract
rather than with clean solvent. Up to 20 percent of the recovered pesticides were being
lost due to this error. This determination was made by rerinsing some concentrator tubes
after the extracts had been brought to volume. The rinsate was then subjected to gc or
hplc analysis-depending on the method for which the original extractions were done. Mr.
Hill began doing these extractions on May 23 after being trained during the previous
week. Poor and variable recoveries have been noticed during this time.
Since then Mr. Hill has been instructed in the proper rinsing procedure and was observed
carrying out the process for several extractions. Several concentrator tubes were rerinsed
after he was finished extracting.. The rinsates were subjected to the same analysis as
detailed above and no pesticides were detected. To guard against this happening again,
at least one concentraor tube from each day's work will be rerinsed and the rinsate
analyzed for pesticide residue.
Terry Nichols
f tJlJtt  W
Res~rch Assistant
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